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1 Introduction16
In the U.S. corporate tax code, the effective marginal tax rates on returns to capital assets17
show a considerable amount of variation depending on the capital type. For instance, ac-18
cording to Gravelle (2011), the effective marginal tax rate on the returns to communications19
equipment is 19%, whereas it is above 35% for non-residential buildings.1 This feature of the20
tax code has been the subject of numerous reform proposals since the 1980s. Recently, Pres-21
ident Obama called for a reform to abolish the tax rules that create differential taxation of22
capital assets in order to “level the playing field” across companies.2 Many economists have23
argued in favor of the proposals to abolish tax differentials following an efficiency argument24
first raised by Diamond and Mirrlees (1971): taxing different types of capital at different25
rates distorts firms’ production decisions, thereby creating production inefficiencies.26
This paper takes a step back and reassesses whether differential taxation of capital income27
is a desirable feature of the tax code. Theoretically, the paper uncovers a novel economic28
mechanism that calls for optimality of differential capital asset taxation, but with an impor-29
tant caveat. In the current U.S. tax code, the effective tax rate on equipment capital (i.e.,30
mostly machines) is on average 5% below the effective tax rate on structure capital (i.e.,31
mostly non-residential buildings). In contrast, our theory suggests that capital equipments32
should be taxed at a higher rate than capital structures. We conduct a quantitative exercise33
to assess the quantitative importance of optimal differential capital taxation. In our baseline34
calibration, the tax rate on capital equipments should be at least 27 percentage points higher35
than the tax rate on capital structures in the transition and at the steady state. Further-36
more, the welfare gains of optimal differential capital taxation are as high as 0.4% of lifetime37
consumption for reasonable parameter values.38
We study dynamic optimal taxes in an economy in which people are heterogeneous in39
terms of their skills, and the government uses capital and labor income taxes to provide40
redistribution (insurance). The benchmark model considers an environment with permanent41
skills. The main theoretical results are then generalized to an environment with stochastic42
skills. Our approach to optimal dynamic taxation follows the recent New Dynamic Public43
Finance literature in the sense that taxes are allowed to be arbitrary functions of people’s44
past and current incomes.45
The key feature of our environment is equipment-skill complementarity in the produc-46
tion technology. Following Gravelle (2011), capital assets are grouped into two categories:47
structure capital and equipment capital. There are two types of labor: skilled and unskilled.48
Following the empirical evidence for the U.S. economy provided by Krusell, Ohanian, R´ıos-49
Rull, and Violante (2000), we assume that the degree of complementarity between equipment50
capital and skilled labor is higher than the degree of complementarity between equipment51
capital and unskilled labor. Structure capital is neutral in terms of its complementarity with52
skilled and unskilled labor. More generally, Flug and Hercowitz (2000) provide evidence for53
equipment-skill complementarity for a large panel of countries.54
1The capital tax differentials are created through tax depreciation allowances that differ from actual
depreciation rates. Appendix A explains this in detail and provides further information on the historical
evolution of capital tax differentials in the U.S. tax code.
2The 2011 U.S. President’s State of the Union Address. Retrieved from http://www.whitehouse.gov/the-
press-office/2011/01/25/remarks-president-state-union-address.
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Equipment-skill complementarity implies that skilled and unskilled labor are not perfect55
substitutes and that the skill premium – defined as the ratio of the skilled wage to the un-56
skilled wage – is endogenous. In particular, a decrease in the stock of equipment capital57
decreases the skill premium, thereby creating an indirect transfer from the skilled agents58
to the unskilled ones. Therefore, depressing the level of equipment capital creates an extra59
channel of redistribution and/or insurance. In order to depress equipment capital accumu-60
lation, the government taxes returns to equipment capital at a higher rate than it taxes61
returns to structure capital. This implies the optimality of differential capital taxation.62
We assess the quantitative importance of differential capital taxation using the model63
with permanent skills calibrated to the U.S. economy. In our benchmark calibration, the64
optimal equipment capital income tax is 27.6 percentage points higher than the tax on65
structure capital in the first period. The tax differential rises along the transition path to66
39.6 percentage points at the steady state.67
The skill premium is about 40% in the first period after the optimal tax reform, and rises68
over the transition to 48% in the new steady state. Thus, the ‘optimal’ skill premium in any69
period is significantly lower than 80%, the empirical estimate for the current U.S. economy.70
This suggests that the optimal tax system relies much more on indirect redistribution than71
the current U.S. tax system. In addition, the optimal skill premium is rising over the tran-72
sition because the economy is growing, and hence, the level of equipment capital increases.73
This result is interesting as it suggests that, even if the government cares about equality, an74
increasing skill premium is optimal in a growing economy.75
Next, we evaluate the welfare gains of optimal differential capital taxation. This is76
achieved by comparing welfare in the optimal tax system with welfare in a tax system,77
in which the government is unrestricted in its choice of labor income taxes, but the tax78
rates on both types of capital are restricted to be equal to the values in the U.S. tax code.79
The additional welfare gains of allowing for differential capital taxation are 0.19% in terms80
of lifetime consumption in the benchmark and can be as high as 0.40% within the set of81
reasonable parameter values.82
This paper focuses on the redistribution and insurance provision role of differential capital83
taxation. There could be other reasons for differential taxation of capital. For instance, some84
authors have argued that investment in equipment capital might create positive externalities.85
Other things being equal, positive externalities would be a reason to tax equipment capital86
at a lower rate than structure capital. Auerbach, Hassett, and Oliner (1994) point out,87
however, that it is hard to support the existence of such positive externalities on empirical88
grounds. This paper abstracts from all other possible reasons for differential capital taxation89
in order to isolate its redistributive and insurance provision role.90
Related Literature. This paper relates to three distinct strands of literature. First,91
in their seminal paper Diamond and Mirrlees (1971) show that tax systems should maintain92
productive efficiency. In an environment with multiple capital types, this result implies that93
all capital should be taxed at the same rate. However, Auerbach (1979) and Feldstein (1990)94
show that it might be optimal to tax capital differentially if the government is exogenously95
restricted to a narrower set of fiscal instruments than in Diamond and Mirrlees (1971). Our96
paper is different in the sense that the optimality of differential capital taxation stems from97
redistribution and/or insurance motives.98
Our paper follows the New Dynamic Public Finance (NDPF) tradition. This literature99
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studies optimal capital and labor income taxation in dynamic settings in which agents’ la-100
bor skills are allowed to change stochastically over time and the optimal tax system can be101
arbitrarily nonlinear in the history of capital and labor income.3 No paper in this literature,102
however, has studied differential taxation of capital assets prior to the current paper. In103
addition, our paper contributes to the NDPF literature by adding to a set of recent papers104
that aim to provide practical policy recommendations by quantifying the theoretical impli-105
cations of the NDPF literature, see e.g, Fukushima (2010), Huggett and Parra (2010), Farhi106
and Werning (2013), and Golosov, Troshkin, and Tsyvinski (2013).107
This paper is also related to a set of theoretical studies on optimal static Mirrleesian108
taxation with endogenous wages. Stiglitz (1982) assumes that the labor supplies of agents109
with different skills are imperfect substitutes and shows that the agent with the highest110
income should be subsidized. Naito (1999) shows that the uniform commodity taxation result111
of Atkinson and Stiglitz (1976) and productive efficiency result of Diamond and Mirrlees112
(1971) are no longer valid under imperfect labor substitutability. Ales, Kurnaz, and Sleet113
(2014) analyze a static optimal tax problem in which agents with different skills are assigned114
to tasks (occupations). They calculate optimal taxes for the U.S. economy for the 1970s and115
the 2000s and compare them to their empirical counterparts. In addition, they analyze the116
impact of technical change on optimal taxes. The current paper differs from this literature by117
focusing on a dynamic environment with different types of capital, which is used to analyze118
optimal differential taxation of capital assets both theoretically and quantitatively.119
The rest of the paper is structured as follows. Section 2 lays out the model for the case120
of permanent skills. Section 3 shows that differential capital taxation is optimal in this121
environment. Section 4 generalizes the main results to an environment with stochastic skills.122
Section 5 discusses our quantitative results, and Section 6 concludes.4123
2 Model124
There is a continuum of measure one of agents who live for infinitely many periods. They125
differ in their skill levels: they are born either skilled or unskilled, h ∈ H = {u, s}. A fraction126
pih of agents belong to skill group h. In the main body of the paper, we assume that agents’127
skills are permanent. Permanent skills is a natural assumption given that in our quantitative128
analysis skill levels are associated with educational attainment. Section 4 shows that the129
main theoretical results remain valid for a general stochastic skill process.130
Production Technology. An agent of skill level h produces l · zh units of effective h131
type labor when he works l units of labor. There are two different occupational sectors in132
this economy: a skilled occupation in which only skilled agents are allowed to work and an133
unskilled occupation in which only unskilled agents are allowed to work. The first assumption134
reflects the fact that unskilled people do not have the skills to work in the skilled occupation.135
3For seminal contributions to NDPF, see Golosov, Kocherlakota, and Tsyvinski (2003), Kocherlakota
(2005), and Albanesi and Sleet (2006). For an excellent review of this literature, see Kocherlakota (2010).
4A discussion of differential taxation of capital assets in the U.S. tax code, the proofs of the propositions,
a formal implementation of the constrained efficient allocation in an incomplete markets environment, and
the definitions of alternative social planning problems that are analyzed in Section 5 are presented in a
separate online Appendix.
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The second assumption can be rationalized as follows. In our model, agents get the same136
disutility from working in the two occupations. Therefore, a skilled agent will choose to work137
in the skilled occupation as long as he gets a higher wage in the skilled occupation. This138
reasoning holds in the presence of taxes under our assumption that taxes are functions of139
income histories only. The nature of the tax system is discussed in more detail below.140
Output is produced according to a production function Y = F (Ks, Ke, Ls, Lu), where141
Ls, Lu, Ks and Ke denote the aggregate amounts of effective skilled labor, effective unskilled142
labor, structure capital, and equipment capital. Output can be used for consumption or143
can be converted to structure or equipment capital one-for-one. The economy is initially144
endowed with K∗s,1 and K
∗
e,1 units of the capital goods. Define F˜ as the function that gives145
the total wealth of the economy: F˜ = F + (1− δs)Ks + (1− δe)Ke, where δs and δe denote146
the depreciation rates of structure and equipment capital. Define Fi(·) and F˜i(·) as partial147
derivatives of F and F˜ with respect to the ith argument.148
Wages. Agents of type h ∈ H receive wage wh,t in period t for one unit of their labor:149
ws,t = F3(Ks,t, Ke,t, Ls,t, Lu,t) · zs, wu,t = F4(Ks,t, Ke,t, Ls,t, Lu,t) · zu. (1)
Equipment-Skill Complementarity. Following Krusell, Ohanian, R´ıos-Rull, and Vi-150
olante (2000), we assume that the production technology features equipment-skill comple-151
mentarity, which means that the degree of complementarity between equipment capital and152
skilled labor is higher than that between equipment capital and unskilled labor. This as-153
sumption has two important implications that make our model different from the standard154
model in the NDPF literature. First, an increase in the stock of equipment capital decreases155
the ratio of the marginal product of unskilled labor to the marginal product of skilled labor.156
In other words, the ratio of skilled to unskilled wages (skill premium) is endogenous, and this157
ratio is increasing in equipment capital. Structure capital, on the other hand, is assumed to158
be neutral in terms of its complementarity with skilled and unskilled labor. Second, skilled159
and unskilled labor are no longer perfect substitutes which implies that the skill premium is160
decreasing in the total amount of skilled labor and increasing in the total amount of unskilled161
labor. These assumptions on technology are formalized as follows.162
Assumption 1. F3(·)/F4(·) is independent of Ks.163
Assumption 2. F3(·)/F4(·) is strictly increasing in Ke.164
Assumption 3. F3(·)/F4(·) is strictly decreasing in Ls and strictly increasing in Lu.165
Assumptions (1) - (3) are maintained throughout the paper without further reference.166
Preferences. An agent of type h evaluates a consumption-labor sequence, (ch,t, lh,t)
∞
t=1,167
with a utility function that is time-separable and separable between consumption and labor,168
∞∑
t=1
βt−1 [u(ch,t)− v(lh,t)] ,
where β ∈ (0, 1) is the discount factor, u, v : R+ → R, and u′,−u′′, v′, v′′ > 0.169
Allocation. An allocation is x = ((ch,t, lh,t)h∈H , Ks,t, Ke,t, Ls,t, Lu,t)
∞
t=1 .170
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Feasibility. An allocation is feasible if in any period t ≥ 1,171 ∑
h=u,s
pihch,t +Ks,t+1 +Ke,t+1 +Gt ≤ F˜ (Ks,t, Ke,t, Ls,t, Lu,t), (2)
Lh,t = pihlh,tzh, for h ∈ H and Ks,1 ≤ K∗s,1, Ke,1 ≤ K∗s,1. (3)
Here, {Gt}∞t=0 is a sequence of exogenously given wasteful government consumption.172
Optimal Tax Problem. As in the U.S. tax code, taxes are allowed to depend only173
on people’s incomes, and not directly on their skills, occupations, wages, or labor supplies.174
We do not model why the government does not use this information in the tax code (there175
could be constitutional, administrative or other reasons), but rather focus on the best policy176
given the existing fiscal framework. Following Mirrlees (1971) and the recent New Dynamic177
Public Finance literature, no further restrictions are imposed on the tax code; specifically,178
taxes can be arbitrarily nonlinear functions of income histories.179
Following Kocherlakota (2010), we make no explicit mention of private information in180
motivating why taxes are restricted to depend only on income. However, the fact that181
the government can condition taxes only on income implies that the optimal tax problem182
is isomorphic to a social planning problem, in which agents are privately informed about183
their skills, occupations, wages, and labor supplies. Income and consumption are public184
information. In the planning problem, each agent reports his skill type to the planner and185
receives an allocation as a function of his report.5 The set of allocations available to the186
planner is constrained by incentive compatibility constraints, which ensure that agents do187
not misreport their types.6188
Our strategy is to first characterize the solution to the planning problem and then use189
this characterization to back out properties of an optimal tax system.190
Incentive Compatibility. With permanent types, people report their type only once191
in the first period. Moreover, since agents cannot switch occupations in our model, an agent192
can only mimic the other type’s income level by adjusting his labor hours. As a result, the193
planner faces only two incentive constraints.194
We say that an allocation is incentive compatible if and only if for all h ∈ H195
∞∑
t=1
βt−1 [u(ch,t)− v(lh,t)] ≥
∞∑
t=1
βt−1
[
u(cj,t)− v( lj,twj,t
wh,t
)
]
, (4)
where j denotes the complement of h in the set H.196
Social Planning Problem. We analyze the problem of a planner who maximizes a197
5Agents only report their skill types, because given that income is observable and skilled (unskilled)
agents can only work in the skilled (unskilled) occupation, knowing an agent’s skill type reveals all his
private information.
6The restriction to direct truth-telling mechanisms is without loss of generality because of the following
argument. Any market arrangement with taxes is a particular mechanism. By revelation principle, no such
mechanism can do better than the optimal direct truth-telling mechanism. Conversely, Proposition C.1 in
Appendix C shows that there is a tax system that implements the allocation that arises from the optimal
direct truth-telling mechanism. Therefore, finding the optimal tax system reduces to finding the optimal
direct truth-telling mechanism, which is the problem of a social planner who assigns allocations as functions
of agents’ types subject to incentive compatibility constraints.
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Utilitarian objective with equal weights on all agents. The social planning problem is198
max
x
∑
h∈H
pih
∞∑
t=1
βt−1 [u(ch,t)− v(lh,t)] s.t. (1), (2), (3), and (4).
The allocation that solves the social planning problem is called the constrained efficient199
allocation and is denoted with an asterisk throughout the paper.200
3 Optimality of Differential Taxation of Capital201
This section uncovers the economic mechanism that calls for differential capital taxation. We202
show that, with equipment-skill complementarity, as long as only the incentive constraint203
that prevents skilled agents from pretending to be unskilled binds, the optimal tax on equip-204
ment capital is strictly higher than the optimal tax on structure capital. Assumption 4205
formalizes the assumption on the pattern of binding incentive constraints.206
Assumption 4. The incentive constraint (4) binds for h = s and is slack for h = u at the207
solution to the social planning problem.208
In all quantitative exercises in Section 5, in which the model is parameterized to match209
the U.S. data, the skilled wage is higher than the unskilled wage in every period. However, in210
our environment with endogeneous wages, it is not possible to guarantee that skilled wages211
are always higher than unskilled wages without making very restrictive assumptions on F .212
Without monotonic wages, it is not possible to determine the pattern of binding incentive213
constraints. Therefore, this section proceeds directly with Assumption 4, see Stiglitz (1982)214
for the same approach. Assumption 4 is satisfied in all our quantitative exercises.215
3.1 Capital Return Wedge216
In the standard growth model with two types of capital, aggregate savings are allocated217
between the two types of capital in a way that equates their marginal returns. Proposition218
1 below shows that this is not true in the constrained efficient allocation, meaning it is219
optimal to create a wedge between the marginal returns to structure and equipment capital.220
This result forms the basis for the optimality of differential taxation of capital: to create the221
optimal wedge in the market equilibrium, the two types of capital should be taxed differently.222
Proposition 1. Suppose Assumption 4 holds. Then, at the constrained efficient allocation,223
in any period t ≥ 2, F˜1(K∗s,t, K∗e,t, L∗s,t, L∗u,t) < F˜2(K∗s,t, K∗e,t, L∗s,t, L∗u,t).224
Proof. Let λtβ
t−1 be the multiplier on period t feasibility constraint and µ be the225
multiplier on skilled agents’ incentive constraint. The first order optimality conditions with226
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respect to the two types of capital are:227
(Ke,t) : λ
∗
t−1 = β
[
λ∗t F˜2(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t) +X
∗
t
]
,
(Ks,t) : λ
∗
t−1 = βλ
∗
t F˜1(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t), where
X∗t = µ
∗v′
(
l∗u,tw
∗
u,t
w∗s,t
)
l∗u,t
∂
(
w∗u,t
w∗s,t
)
∂K∗e,t
.
By equipment-skill complementarity, ∂
(
w∗u,t
w∗s,t
)
/∂K∗e,t < 0. Since µ
∗ > 0, X∗t < 0. Using228
X∗t < 0 together with the first-order conditions gives the result. 229
Because of equipment-skill complementarity, increasing the level of equipment capital in230
period t decreases the wage ratio w∗u,t/w
∗
s,t. This makes it more profitable for the skilled agents231
to pretend to be unskilled and, hence, tightens the skilled incentive constraint. From a plan-232
ning perspective, this means that increasing equipment capital has an extra negative return,233
X∗t < 0, in addition to the physical return, F˜
∗
2,t, where F
∗
i,t denotes F˜i(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t).234
Since structure capital is neutral, changing its level does not affect the incentive constraint,235
and hence its only return is its physical return, F˜ ∗1,t. In order for the overall return on the236
two types of capital to be equal, the physical return on equipment capital must higher than237
the physical return on structure capital at the constrained efficient allocation.238
This result is intuitive: decreasing the level of equipment capital has an additional239
marginal benefit for the planner, because it decreases the skill premium and thus indirectly240
redistributes from the skilled to the unskilled. Decreasing the level of equipment capital in-241
creases its return above the return on structure capital due to diminishing marginal returns.242
This intuition shows that there is an extra reason to depress equipment capital accumulation243
relative to structure capital. This implies that equipment capital should be taxed at a higher244
rate than structure capital, as shown in Section 3.2.245
Two features of the model are key for the optimality of the capital return wedge. First,246
if equipment capital was also neutral in terms of its complementarity with the two types247
labor, then, X∗t = 0, and hence, it would be efficient to equate the physical marginal returns248
to the two types of capital. Second, if the government could condition taxes on skill types, it249
could redistribute via type-specific lump-sum taxes at zero efficiency cost and would not need250
the indirect (and distortionary) channel of redistribution, which works through the capital251
return wedge. In terms of the planning problem, this would mean that skills were not private252
information but publicly known. As a result, there would be no incentive constraints, and253
hence, X∗t = 0, and the optimal capital return wedge would again be zero.254
3.2 Optimal Differential Capital Taxes255
This section provides a link between the optimality of the capital return wedge and the256
optimality of differential capital taxation. Proposition 2 characterizes the properties of257
optimal wedges (distortions) that a planner has to create in the intertemporal allocation of258
resources in order to implement the constrained efficient allocation in a competitive market259
environment, in which people are allowed to save through both types of capital. Formally, the260
optimal intertemporal wedge that the planner has to create for an agent of type h for capital261
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of type i ∈ {s, e} from period t to t+1 is defined as τ ∗i,t+1(h) = 1−u′(c∗h,t)/
[
βF˜ ∗i,t+1u
′(c∗h,t+1)
]
.262
Proposition 2. Suppose Assumption 4 holds. Then,263
1. In all periods t ≥ 2, the optimal wedge on equipment capital is strictly positive and264
independent of agent type, whereas the optimal wedge on structure capital is zero, i.e.,265
for all h ∈ H, τ ∗e,t ≡ τ ∗e,t(h) > τ ∗s,t ≡ τ ∗s,t(h) = 0.266
2. If a steady state of the constrained efficient allocation exists, then the optimal wedge267
on equipment capital is strictly positive at the steady state.268
Proof. Relegated to Appendix B. 269
Part 1 of Proposition 2 calls for zero taxation of structure capital and positive taxation270
of equipment capital in every period. Recall that, by Assumption 1, a change in the level271
of structure capital does not affect the skill premium. Therefore, there is no indirect redis-272
tribution motive to distort structure capital accumulation. In addition, it follows from the273
uniform commodity taxation result of Atkinson and Stiglitz (1976) that in the absence of274
skill risk, it is optimal not to tax structure capital.7 In contrast, taxing equipment capital275
has the extra benefit of decreasing the skill premium, thus providing indirect redistribution.276
Therefore, the planner finds it optimal to tax equipment capital.8 Finally, part 1 of the277
proposition also shows that the capital tax rates are type independent.278
Part 2 of Proposition 2 says that the optimal wedge on equipment capital is positive279
in steady state. This result is interesting because it shows that the indirect redistribution280
channel calls for taxing equipment capital not only in the short run but also in the long run.281
This result is in contrast with the long run optimality of zero capital taxation in the Ramsey282
literature shown by Chamley (1986) and Judd (1985).283
3.3 Intratemporal Wedges284
Our model has interesting implications for intratemporal wedges (i.e., marginal labor income285
taxes) as well. The optimal intratemporal wedge in period t for an agent of skill type h,286
defined as τ ∗y,t(h) = 1 − v′(l∗h,t)/
[
w∗h,tu
′(c∗h,t)
]
, measures the efficient distortion that the287
planner needs to create in this agent’s intratemporal allocation of consumption and labor288
in period t. The famous no distortion at the top result, proven originally by Sadka (1976)289
and Seade (1977), states that in a static Mirrleesian economy, if the distribution of skills290
has a finite support, then the consumption-labor decision of the agent with the highest skill291
level should not be distorted. Huggett and Parra (2010) prove this result for a dynamic292
Mirrleesian economy in which skill types are permanent and a version of our Assumption293
4 holds. Proposition 3 shows that the no distortion at the top result does not hold in the294
presence of equipment-skill complementarity. In particular, the proposition shows that the295
skilled agents’ labor income should be subsidized.296
7The optimality of not taxing structure capital is closely related to Werning (2007), who shows that
with permanent types zero capital taxation is optimal in a dynamic Mirrleesian model with standard Cobb-
Douglas production function.
8If Assumption 4 is not satisfied, it will still be generically optimal to tax the two types of capital
differentially, as shown explicitly in a more general environment in Section 4. However, in that case, it is
not possible to determine which capital good will be taxed at a higher rate.
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Proposition 3. Suppose Assumption 4 holds. Then, in any period t ≥ 1, the optimal297
intratemporal wedge of the skilled agent is negative, i.e., τ ∗y,t(s) < 0.298
Proof. Relegated to Appendix B. 299
The intuition for this result is as follows. Under the equipment-skill complementarity as-300
sumption, skilled and unskilled labor are imperfect substitutes. This implies that increasing301
the labor supply of the skilled agents decreases the skill premium which means that increas-302
ing skilled labor supply creates indirect redistribution. In order to encourage the supply of303
skilled labor, the government finds it optimal to subsidize skilled labor at the margin. This304
result is in line with Stiglitz (1982), who shows that when two types of labor are imperfect305
substitutes, the more productive agents’ labor supply should be subsidized.306
4 Generalization to Stochastic Skills307
In the model laid out in Section 2, agents’ skill types are permanent. The current section308
allows for agents’ skills to evolve stochastically over time. This level of generality is useful309
because it allows us to establish that the main theoretical results of Section 3 remain valid310
if people’s skills change after they enter the labor market, or if one takes a dynastic inter-311
pretation of our model in which skills change from one generation to another. Notice that312
in this environment with stochastic skills the government uses taxes to provide insurance in313
addition to providing redistribution and financing public spending.314
We first show that differential taxation of capital is optimal for any stochastic skill pro-315
cess. Moreover, under an assumption regarding the pattern of binding incentive compatibility316
conditions, it is optimal to tax equipment capital at a higher rate than structure capital.317
The environment is the same as in Section 2 except that people are born identical, but318
their skills evolve stochastically over time. A skill realization in period t is denoted by319
ht ∈ H. A partial skill history in period t is denoted by ht = (h1, h2, . . . , ht) ∈ H t, where H t320
denotes the set of all period t histories. Let pit(h
t) be the unconditional probability of ht.321
Wages. An agent of type h in period t receives a wage wh,t, defined in equation (1),322
independent of his skill history before period t. For expositional convenience, in this section,323
wages are denoted by wt(ht) instead of wh,t.324
Preferences. Preferences are now defined over stochastic processes of consumption and325
labor, (ct, lt)
∞
t=0, where ct, lt : H
t → R+, using an ex ante expected discounted utility function,326
∞∑
t=1
∑
ht∈Ht
pit(h
t)βt−1
[
u(ct(h
t))− v(lt(ht))
]
. (5)
Allocation. An allocation is x = (ct, lt, Ks,t, Ke,t, Ls,t, Lu,t)
∞
t=1 .327
Feasibility. An allocation is feasible if in any period t ≥ 1,328 ∑
ht∈Ht
pit(h
t)ct(h
t) +Ks,t+1 +Ke,t+1 +Gt ≤ F˜ (Ks,t, Ke,t, Ls,t, Lu,t), (6)
Lh,t =
∑
{ht∈Ht|ht=h}
pit(h
t)lt(h
t)zh for h ∈ H, and Ks,1 ≤ K∗s,1, Ke,1 ≤ K∗s,1. (7)
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Incentive Compatibility. Define σt : H
t → H. A reporting strategy is σ = (σt)∞t=1. Let329
Σ denote the set of all reporting strategies. The truth-telling strategy, which is denoted by330
σ∗, prescribes reporting the true type at each and every node: for all ht, σ∗t (h
t) = ht. Let331
σt(ht) = (σ1(h
1), ..., σt(h
t)) denote the history of reports along history ht. Define332
W (σ|x) =
∞∑
t=1
∑
ht∈Ht
pit(h
t)βt−1
[
u(ct(σ
t
(
ht
)
))− v
(
lt(σ
t (ht))wt(σt (h
t))
wt(ht)
)]
,
as the expected discounted value of using reporting strategy σ given an allocation x. An333
allocation x is called incentive compatible if and only if for all σ ∈ Σ, W (σ∗|x) ≥ W (σ|x).334
Following Fernandes and Phelan (2000), without loss of generality, we restrict attention335
to the set of reporting strategies that has lying only at a single node. This allows us to replace336
the incentive compatibility constraints defined above with a sequence of temporary incentive337
constraints, one for each node. An allocation x is called temporary incentive compatible if338
and only if, in any period t and at any node ht−1 and for all ht ∈ H,339
u(ct(h
t−1, ht))− v(lt(ht−1, ht)) +
∞∑
m=t+1
∑
hm∈H¯m
pim(h
m)βm−t [u(cm(hm))− v(lm(hm))] (8)
≥ u(ct(ht−1, hot ))− v
(
lt(h
t−1, hot )wt(hot )
wt(ht)
)
+
∞∑
m=t+1
∑
hm∈H¯m
pim(h
m)βm−t
[
u(cm(h˜
m))− v(lm(h˜m))
]
,
where hot is the complement of ht in the set H, H¯
m denotes the set of period m histories that340
follow from ht, i.e., H¯m ≡ {hm ∈ Hm : hm  ht}, and h˜m = (ht−1, hot , ht+1, ..., hm) is identical341
to hm except in period t. From now on, (8) is used to represent incentive compatibility.9342
Social Planning Problem. The social planning problem that defines the constrained343
efficient allocation is: maxx (5) s.t. (1), (6), (7), and (8).344
Optimality of Differential Capital Taxation. Now, we prove the optimality of345
differential taxation of capital for the general environment with skill shocks. First, define346
the intertemporal wedge for an agent with skill history ht and for capital of type i ∈ {s, e}347
from period t to period t+ 1, as348
τi,t+1(h
t) = 1− u
′(ct(ht))
βF˜i,t+1Et {u′(ct+1(ht+1))|ht}
. (9)
The first part of Proposition 4 generalizes Proposition 1 by showing that it is optimal to349
create a wedge between the marginal returns to structure and equipment capital when skills350
evolve stochastically over time. The second part of Proposition 4 shows that the optimal351
intertemporal wedges for structure and equipment capital are different. Thus, optimality of352
differential taxation of capital does not depend on the permanent skill type assumption.353
9Temporary incentive constraints were first shown to be necessary and sufficient for incentive compatibility
by Green (1987) for an environment with i.i.d. shocks. Fernandes and Phelan (2000) generalized this result
to environments with persistent shocks. To be precise, two more assumptions are needed to guarantee the
necessity and sufficiency of temporary incentive constraints. First, each skill history should be reached
with strictly positive probability. Second, a transversality condition, which is automatically satisfied if one
assumes that instantaneous utility is bounded, should hold.
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Proposition 4. 1. At the constrained efficient allocation, in any period t ≥ 2,354
F˜1(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t) = F˜2(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t) +X
∗
t /λ
∗
t , where
X∗t =
∑
{ht∈Ht}
µ∗t (h
t)v′
(
l∗t (h
t−1, hot )w
∗
t (h
o
t )
w∗t (ht)
)
l∗t (h
t−1, hot )
∂
w∗t (hot )
w∗t (ht)
∂K∗e,t
and λtβ
t−1 and µt(ht) are Lagrange multipliers on period t feasibility constraint and355
the incentive constraint at history ht.356
2. (a) The optimal wedge on structure capital in any period t ≥ 2 and history ht−1 satisfies357
τ ∗s,t(h
t−1) ≥ 0. The inequality is strict if and only if there is no h ∈ H such that358
pit(h
t−1, h|ht−1) = 1.359
(b) The optimal wedge on equipment capital in any period t ≥ 2 and history ht−1 is360 [
1− τ ∗e,t(ht−1)
]
=
[
1− τ ∗s,t(ht−1)
] · [1 +X∗t /(λ∗t F˜ ∗2,t)] . (10)
Proof. Relegated to Appendix B. 361
The idea behind the first part of Proposition 4 is very similar to the one for Proposition362
1: under equipment-skill complementarity, increasing the amount of equipment capital has363
an effect on incentives, summarized by the term X∗t . In contrast, changing the amount of364
structure capital does not affect incentives. As a result, it is optimal to create a wedge365
between the physical returns to the two types of capital. The main distinction from the per-366
manent type model is that, in the case with stochastic skills, a change in period t equipment367
capital affects all the binding incentive constraints in that period. Thus, X∗t measures the368
cumulative effect of a change in equipment capital on all the binding incentive constraints.369
Since at this level of generality it is not possible to determine the pattern of binding incentive370
constraints, the sign of X∗t is ambiguous.371
Part 2(a) of Proposition 4 states that the intertemporal wedge on structure capital is372
positive if there is skill risk. Intuitively, if an agent is allowed to save at the marginal rate of373
return to structure capital, he will save more than the efficient level. In the next period, he374
will work less than socially optimal if he turns out to be of the skilled type. To prevent this375
double deviation, it is optimal to discourage savings. The government achieves that with a376
positive wedge on structure capital.10 Naturally, with permanent types there is no skill risk377
and, hence, no reason to tax structure capital, as already shown in Proposition 2.378
Equation (10) in part 2(b) of the proposition is a version of the no-arbitrage condition for379
this economy. The equation shows that the intertemporal wedge on equipment capital can be380
decomposed into two parts. First, the government wants to discourage savings in equipment381
capital for the same reason that it wants to discourage savings in structure capital, which is382
captured by the first term on the right-hand side of equation (10). The second term on the383
10The positive wedge on structure capital follows from the inverse Euler equation, see equation (B.6)
in Appendix B. This condition was first derived by Rogerson (1985) and then generalized by Golosov,
Kocherlakota, and Tsyvinski (2003). The inverse Euler equation does not hold for equipment capital because
of the effect that equipment capital has on incentives. We derive a modified version of the inverse Euler
equation for equipment capital in Appendix B, see equation (B.7).
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right-hand side of equation (10) is present in order to create the optimal wedge between the384
returns to the two types of capital. The presence of this term implies that generically the385
optimal wedges on the two types of capital are different in any period and history, which386
establishes the optimality of differential taxation of capital.387
A Special Case. Assumption 5 below assumes that the only incentive constraints that388
bind are those that prevent the skilled from pretending to be unskilled. These incentive389
constraints are called downward incentive constraints. There is no theoretical result that390
establishes the pattern of binding incentive constraints for general skill processes in dynamic391
Mirrleesian environments, even when wages are exogeneous.11 Indeed, there are examples392
in which some upward incentive constraints bind. In this regard, Assumption 5 is stronger393
than Assumption 4, which is used in Section 3.394
Assumption 5. In any period t ≥ 1, history ht, only downward incentive constraints bind.395
Assumption 5 allows us to show that X∗t > 0 in all periods. It is then possible to sign the396
capital return wedge, and show that the optimal equipment capital wedge is higher than the397
optimal structure capital wedge. These results are summarized by the following proposition.398
Proposition 5. Suppose Assumption 5 holds. Then, in any period t ≥ 2 and history ht−1,399
F˜1(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t) < F˜2(K
∗
s,t, K
∗
e,t, L
∗
s,t, L
∗
u,t) and τ
∗
e,t(h
t−1) > τ ∗s,t(h
t−1).400
Proof. Relegated to Appendix B. 401
Intratemporal Wedges. Under Assumption 5, Proposition 6 generalizes the optimality402
of subsidizing skilled labor supply, shown for the permanent type case in Section 3.3, for403
the environment in which skills evolve stochastically over time. First, define the optimal404
intratemporal wedge at history ht as τ ∗y,t(h
t) = 1− v′(l∗t (ht))/(w∗t (ht)u′(c∗t (ht))).405
Proposition 6. Suppose Assumption 5 holds. In any period t ≥ 1 and history ht−1,406
τ ∗y,t(h
t−1, s) < 0.407
Proof. Relegated to Appendix B. 408
Implementation. Appendix C provides an implementation of the constrained efficient409
allocation through a tax system in a competitive market environment in which agents trade410
a risk free bond and capital. The implementation result holds for any stochastic process,411
including the permanent type model. An interesting feature of this tax system is that412
the optimal tax differentials across equipment and structure capital can be implemented413
at the firm level, as is the case in the current U.S. tax system. This is possible because,414
as the second term on the right-hand side of equation (10) shows, the differential between415
optimal intertemporal wedges of structure and equipment capital is history independent in416
any period. Another notable feature of the implementation is that the optimal tax system417
mimics the actual U.S. tax code in the sense that capital tax differentials are created through418
depreciation allowances that differ from actual economic depreciation. Therefore, creating419
the optimal capital tax differentials would not require complicating the U.S. tax code further.420
11Downward incentive constraints are the only binding incentive constraints when skills are i.i.d. and
wages are exogeneous.
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5 Quantitative Analysis421
The main goal of this section is to analyze the quantitative importance of differential taxation422
of capital in a calibrated version of our model. As in the main part of the paper, agents’ skill423
types are assumed to be permanent. Since there is no labor income risk in this environment,424
the only role of taxation is redistribution (along with financing government consumption).425
Permanent skills is a natural assumption given that in the data we associate skill levels426
with educational attainment. In addition, there is empirical evidence that initial conditions427
account for a large part of the cross-sectional variation in lifetime earnings.12428
First, model parameters are calibrated to the U.S. economy using a competitive equilib-429
rium framework with the actual U.S. tax code and government consumption level. Then,430
we solve a social planning problem with endogeneous factor prices in which the planner “in-431
herits” the initial capital stocks from the steady state of the competitive equilibrium.13 We432
solve for the whole time series of the constrained efficient allocation, thus taking into ac-433
count the transition to a new steady state, and recover the optimal wedges (taxes) from the434
constrained efficient allocation. In line with Proposition 2, the optimal taxes on equipment435
capital are higher than those on structure capital. Specifically, in our benchmark calibration,436
the optimal tax differential increases from 27.6% in the first period to 39.5% in the steady437
state. Moreover, the welfare gains of optimal differential capital taxation can be as high as438
0.4% in terms of lifetime consumption.439
5.1 Calibration440
To calibrate the parameters in the social planning problem, we assume that the steady state441
of the competitive equilibrium (abbreviated as SCE in what follows) defined in Appendix C442
represents the current U.S. economy. We first fix a number of parameters to values from the443
data or from the literature and then calibrate the remaining parameters so that the SCE444
matches the U.S. data along selected dimensions.445
One period in our model corresponds to one year. The period utility function takes446
the form u(c) − v(l) = c1−σ/(1 − σ) − φl1+γ/(1 + γ). In the benchmark case, σ = 2 and447
γ = 1. These are within the range of values that have been considered in the literature. The448
production function takes the same form as in Krusell, Ohanian, R´ıos-Rull, and Violante449
(2000):450
Y = F (Ks, Ke, Ls, Lu) = K
α
s
(
ν [ωKρe + (1− ω)Lρs]
η
ρ + (1− ν)Lηu
) 1−α
η
.
The values of α, ρ, η are taken from Krusell, Ohanian, R´ıos-Rull, and Violante (2000) who451
12Keane and Wolpin (1997) estimate that initial conditions account for 90% of the cross-sectional variation
in life-time earnings. Huggett, Ventura, and Yaron (2011) estimate this number to be over 60%, and
Storesletten, Telmer, and Yaron (2004) estimate it to be almost 50%.
13It would not be possible to assess the role of differential capital taxation in a partial equilibrium envi-
ronment, because the skill premium would not be affected by changes in the level of equipment capital. To
the contrary, most quantitative papers in the NDPF literature consider partial equilibrium environments.
As Farhi and Werning (2012) show, considering general equilibrium effects might be important even with a
standard production function without complementarities.
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estimate these parameters using U.S. data. ω and ρ (which Krusell, Ohanian, R´ıos-Rull,452
and Violante (2000) do not estimate) are calibrated to U.S. data, as explained in detail453
below. This production function satisfies Assumptions 1 – 3 if η > ρ, which is what Krusell,454
Ohanian, R´ıos-Rull, and Violante (2000) find.455
The government consumption-to-output ratio is assumed to be 16%, which is close to456
the average ratio in the United States during the period 1980 – 2012, as reported in the457
National Income and Product Accounts (NIPA) data. Following Heathcote, Storesletten,458
and Violante (2010), we assume a flat labor income tax rate of τy = 27% (for a discussion459
of the construction of this number, see Domeij and Heathcote (2004)). Gravelle (2011)460
documents that because of differences in tax depreciation rates, the effective tax rates on461
structure capital and equipment capital differ at the firm level. Specifically, she estimates the462
effective corporate tax rate on structure capital to be 32%, and that on equipment capital463
to be 26%. The capital income tax rate at the consumer level is 15% in the U.S. tax code.464
This implies an overall tax on structure capital τs = 1 − 0.85 · (1 − 0.32) = 42.2% and an465
overall tax on equipment capital τe = 1 − 0.85 · (1 − 0.26) = 37.1%. These numbers are in466
line with a 40% tax on aggregate capital that is reported by Domeij and Heathcote (2004).467
Unspent government tax revenue is distributed back to the agents in a lump-sum manner,468
which implies that in the SCE average taxes are in general not equal to marginal taxes. The469
ratio of skilled to unskilled agents, pis/piu, is set so as to be consistent with the 2011 US470
Census data. As in Section 2, pis refers to the fraction of skilled agents and piu refers to the471
fraction of unskilled agents.472
For a given tax system, steady-state equilibrium is not unique in our environment with473
permanent types. In particular, in the absence of idiosyncratic uncertainty, depending on474
the initial asset distribution across skill groups, there are many steady-state equilibrium475
asset distributions. To calibrate the model, we select the steady-state equilibrium which476
matches the distribution of assets between skilled and unskilled agents observed in the U.S.477
data. Formally, denote the steady-state asset holdings of a skilled agent by as and of an478
unskilled agent by au. Given aggregate capital levels Ks, Ke consistent with the SCE, any479
asset distribution of the form pisas = ζ(Ks+Ke) and piuau = (1−ζ)(Ks+Ke) with ζ ∈ (0, 1)480
can arise in the SCE. This means that skilled agents hold fraction ζ of aggregate wealth and481
unskilled agents hold fraction (1− ζ) of aggregate wealth. ζ is chosen so that the SCE asset482
distribution matches the observed asset distribution between skilled and unskilled agents in483
the 2010 U.S. Census data. Table 1 summarizes the benchmark parameters that are taken484
directly from the data or the literature.485
[Table 1 about here.]486
This leaves us with several parameters to be determined. zu and zs cannot be identified487
separately from the remaining parameters of the production function, and therefore, are set488
to zu = zs = 1. The parameter that controls the income share of equipment capital ω, the489
parameter that controls the income share of unskilled labor ν, the labor disutility parameter490
φ, and the discount factor β are calibrated. These parameters are calibrated so that (i) the491
labor share equals 2/3 (approximately the average labor share in 1980 – 2010 as reported492
in the NIPA data), (ii) the capital-to-output ratio equals 2.9 (approximately the average493
of 1980 – 2011 as reported in the NIPA and Fixed Asset Tables), (iii) the skill premium494
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equals 1.8 (as reported by Heathcote, Perri, and Violante (2010) for the 2000s), and (iv)495
the aggregate labor supply in steady state equals 1/3 (as is commonly used in the macro496
literature). Table 2 summarizes the calibration procedure.497
[Table 2 about here.]498
5.2 Quantitative Results499
This section analyzes the quantitative properties of the optimal tax system. This is achieved500
by solving the social planning problem (SPP) defined in Section 2 with parameters calibrated501
in Section 5.1 to the U.S. economy.14 In the SPP, the planner inherits the initial capital stocks502
from the SCE and needs to finance the same level of government consumption as in the SCE.503
Steady-State Comparison. We first discuss the properties of the optimal tax system504
in steady state and compare it to the current U.S. tax system. The first column of Table 3505
summarizes the current U.S. tax system. The second column reports its counterpart in the506
optimal tax system at the steady state. The first two rows of Table 3 report capital income507
taxes net of depreciation.15 The equipment capital tax τe is substantial at the steady state508
of the solution to the SPP. It is 39.54% – that is, 39.54 percentage points higher than the tax509
on structure capital τs, which is zero. This is in contrast with the current effective tax rates510
in the United States where structure capital is taxed by 5.1 percentage points more than511
equipment capital overall. As for the labor wedges, they are 27% for both types of labor512
in the SCE because we approximate the U.S. labor income tax code by a 27% linear tax.513
At the steady state of the solution to the SPP, the labor wedge for unskilled labor τy(u) is514
26.6%, which is almost the same as in the SCE. The skilled labor wedge τy(s), on the other515
hand, is -11.14%. Both higher taxes on equipment capital and marginal subsidies on skilled516
labor are in line with our theoretical results from Section 3.517
[Table 3 about here.]518
The higher taxes on equipment capital relative to structure capital, together with marginal519
subsidies on skilled labor, are used to indirectly redistribute from the skilled to the unskilled.520
Table 4 shows how the optimal tax system achieves indirect redistribution by comparing the521
allocations at the SCE and the SPP. The higher tax on equipment capital discourages the522
accumulation of equipment capital relative to structure capital at the SPP in comparison to523
the SCE. At the same time, the marginal subsidy on skilled labor income increases the ratio524
of skilled to unskilled labor. Both capital and labor taxes decrease the skill premium at the525
SPP. This way, the planner provides indirect redistribution from the skilled to the unskilled.526
14The SPP is solved assuming that the economy converges to a steady state in 200 periods. Changing the
number of periods does not affect the results. In other words, the economy gets very close to steady state
long before period 200.
15Table 3 reports capital income taxes net of depreciation rather than the capital wedges defined in Section
3.2 because the former correspond to the taxes used in the U.S. tax code. With a slight abuse of notation,
τi, which refers to capital wedge for capital of type i in the rest of the paper, refers to capital income tax net
of depreciation in this section. In the column denoted “SPP,” the capital income taxes are recovered from
the constrained efficient allocation by using the following definition for each skill type h ∈ H, capital type
i, and period t: τi,t+1(h) ≡ 1 −
(
u′(ch,t)
βu′(ch,t+1)
− 1
)
/ (Fi,t+1 − δi). Part 1 of Proposition 2 implies that these
taxes only depend on time and not on agent type; therefore, only one number (time series) is reported.
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[Table 4 about here.]527
The marginal subsidy on skilled labor income seems to imply that there is direct redis-528
tribution from the unskilled to the skilled at the SPP. However, recall that optimal taxes529
are nonlinear in labor income. In this case, at a given income level, the average income tax530
can be quite different from the marginal income tax.16 As a consequence, a tax system can531
be progressive overall even though the marginal taxes are regressive. This is precisely what532
happens at the optimal tax system. To assess the overall progressivity of the optimal tax533
system, we compute a measure of average labor taxes that an agent has to pay at the steady534
state of the SPP. This measure is defined as 1 − ch/(whlh) for agents of type h, following535
Farhi and Werning (2013). The optimal average labor taxes computed using this measure536
are progressive: 6% for the unskilled and 18% for the skilled. Therefore, the optimal labor537
taxes do provide direct redistribution from the skilled to the unskilled.17538
Transition. This section summarizes the evolution of the optimal taxes (wedges) along539
the transition to the new steady state. The left panel of Figure 1 shows that the optimal540
structure capital income tax (net of depreciation) is 0 and the equipment capital tax is541
positive in all periods. These properties are in line with Proposition 2. The equipment542
capital tax is growing over time. To understand this finding, one needs to look at the543
evolution of the stocks of the two types of capital, which is shown in the left panel of Figure544
2. It shows that both capital stocks are growing along the transition path. The overall545
capital stock is growing in the constrained efficient allocation because the planner inherits546
an inefficiently low level of capital from the SCE, which is due to the inefficiently high547
overall level of capital taxes at the SCE. As the quantity of equipment capital grows, so548
does the skill premium (see Figure 3). The planner wants to prevent an unfettered growth549
of the skill premium because of its adverse redistributive effects. To keep the growth of the550
skill premium under control, the planner finds it optimal to increase the tax on equipment551
capital.18552
Optimal labor wedges are almost constant along the transition, as shown in the right553
panel of Figure 1. In fact, Werning (2007) shows that with our utility function labor wedges554
are exactly constant over time in a permanent-type model without equipment-skill com-555
plementarity. Figure 1 suggests that the extra distortions in labor wedges arising from556
equipment-skill complementarity are also approximately constant over time. Since skilled557
labor is subsidized, skilled agents work more than unskilled agents in each period, as shown558
in the right panel of Figure 2. As the economy grows, both types of agents become richer,559
and because of the income effect, they decrease their labor supply even though labor wedges560
16Suppose, e.g., that the tax formula for an agent with income $200,000 is T (y) = $100, 000− 0.1 · y. This
agent pays $80,000 in taxes, implying an average tax of 40%, even though he gets a marginal subsidy of 10%.
17The non-linear nature of the optimal labor income tax code also explains how government budget is
balanced under the optimal tax system. Table 3 seems to suggest that - except for a small increase in
equipment capital taxes - government revenue from all other sources declines significantly when the economy
moves from the current system to the optimal one. However, with a non-linear tax system the total amount
of labor income taxes collected can increase even if the marginal taxes decline.
18We check the validity of this intuition by conducting exercises, in which the planner inherits inefficiently
high amounts of capital from the SCE. In those cases, as our intuition suggests, the planner decreases both
types of capital over the transition to the new steady state, and optimal equipment taxes decline over the
transition period.
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do not change much.561
Figure 3 depicts the evolution of the optimal skill premium over time. First, the optimal562
skill premium is much lower in each period than it is in the U.S. data. This result suggests563
that the current U.S. tax system does not generate enough indirect redistribution. Second,564
the skill premium is increasing over time because the equipment capital level increases. This565
result implies that an increasing skill premium is optimal in a growing economy, even if the566
government cares about equality.567
[Figure 1 about here.]568
[Figure 2 about here.]569
[Figure 3 about here.]570
Welfare Gains of Optimal Differential Taxation of Capital. The importance of571
optimal differential taxation of capital is evaluated by answering the following question: how572
much of the welfare gains of the full reform (which is called optimal DTC in this section) is573
lost if the government is restricted to use the current capital taxes and is allowed to choose574
only the labor income taxes optimally? To answer this question, we solve an additional575
version of the planning problem. In this problem, the planner is unrestricted in his choice576
of labor taxes, but he must use the capital income taxes as in the U.S. tax code. This tax577
system is called current differential taxation of capital (current DTC). The planning problem578
that gives rise to the current DTC is stated in Appendix D. For the benchmark parameters,579
reforming the current tax system to the optimal DTC implies 0.19% more welfare gains than580
reforming labor taxes alone (i.e., moving to the current DTC).19 The additional gains of581
optimal DTC can be as high as 0.40% for reasonable parameter values, as discussed in more582
detail in the sensitivity analysis below.583
In addition, we solve a version of the social planning problem, in which the planner is584
unrestricted in his choice of labor taxes, but is not allowed to tax the two types of capi-585
tal differentially. This tax system is called the optimal nondifferential taxation of capital586
(optimal NDTC). The planning problem that gives rise to the optimal NDTC is stated in587
Appendix D. The welfare gains of the current DTC fall 0.14% short of the welfare gains of588
the optimal NDTC for the benchmark parameters. This difference in welfare gains can be589
as high as 0.27% for reasonable parameter values.20590
One can also assess how people rank the different capital tax reforms. Relative to the591
current DTC, the optimal DTC helps both types. The reason is that the overall level of592
capital taxes at the current DTC is inefficiently high. Under the optimal DTC, structure593
capital taxes are zero while equipment capital taxes are virtually unchanged. As a result,594
there is more capital of both types at the optimal DTC. This increases the productivity of595
19The welfare gains of allocation x relative to allocation y are measured as a fraction by which consumption
in allocation y has to be increased in each date and state to make its welfare equal to allocation x welfare.
20These results suggest that setting capital tax rates to a uniform rate, as proposed recently by President
Obama’s administration, might imply substantial welfare gains. However, our results here are only suggestive,
since that proposal only involves reforming capital taxes, but would leave labor taxes intact. Slavik and Yazici
(2014) evaluate the consequences of such a proposal in a world with multiple layers of heterogeneity across
agents.
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both types of agents, and they both benefit from this reform. In addition, relative to the596
current DTC, the optimal NDTC helps the skilled and hurts the unskilled.597
Sensitivity Analysis. Each sensitivity exercise changes the parameter of interest and598
redoes the calibration procedure. Table 5 summarizes the sensitivity results. In this table,599
optimal taxes are only reported for the optimal DTC reform. With a higher σ, the curvature600
of utility from consumption, the planner wants to provide more redistribution. Therefore,601
the indirect redistribution channel becomes more important. Hence, as σ increases, the tax602
on equipment capital as well as the marginal subsidy to skilled labor increase. Table 5 also603
reports the sensitivity of our results to changes in γ, the curvature of disutility from labor.604
As γ decreases, the tax on equipment capital and the skilled labor subsidy increase.605
[Table 5 about here.]606
As the penultimate row of Table 5 reports, the welfare gains of the optimal DTC reform607
are around 0.20% higher than the gains of the current DTC reform for all values of σ and γ608
considered.21 The welfare gains of optimal NDTC relative to current DTC are decreasing in609
σ and increasing in γ, as shown in the last row of Table 5. The reason is that with a larger610
σ or lower γ, the optimal capital tax differential is larger, as one can see in the rows denoted611
by τe and τs in Table 5. Therefore, optimal NDTC, which forces capital taxes to be uniform,612
is more restrictive and implies smaller welfare gains for higher σ or lower γ.613
The welfare gains of optimal DTC relative to current DTC are as high as 0.28% for σ = 4614
and γ = 0.5. He and Liu (2008) use a higher elasticity of substitution between equipment615
capital and unskilled labor, namely, η = 0.79, which is based on an empirical estimate by616
Duffy, Papageorgiou, and Perez-Sebastian (2004). For this value of η and σ = 4 and γ = 0.5,617
the welfare gains of optimal DTC relative to current DTC are 0.40%.618
6 Conclusion619
The effective marginal tax rates on returns to capital assets differ substantially depending620
on the capital asset type in the U.S. tax code. In particular, the marginal tax rate on capital621
structures is about 5% higher than the marginal tax rate on capital equipments. This622
paper assesses the optimality of differential capital asset taxation both theoretically and623
quantitatively from the perspective of a government whose aim is to provide redistribution624
and insurance. Contrary to the actual practice in the U.S. tax code, the paper shows625
that, under a plausible assumption, it is optimal to tax equipment capital at a higher rate626
than structure capital. Intuitively, in an environment with equipment-skill complementarity,627
taxing equipment capital and hence depressing its accumulation decreases the skill premium,628
providing indirect redistribution from the skilled to the unskilled agents. In a quantitative629
version of the model, the optimal tax rate on equipment capital is at least 27 percentage630
points higher than the optimal tax rate on structure capital during transition and at the631
21We also compute the welfare gains of optimal DTC under alternative social welfare weights. If the
planner cares more about the unskilled, the welfare gains of optimal DTC are larger. This is intuitive: not
being able to use one of the channels of indirect redistribution optimally has more severe welfare consequences
when society care more about redistribution.
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steady state. Furthermore, the welfare gains of optimal differential capital taxation can be632
as high as 0.4% of lifetime consumption.633
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Figure 1: Optimal Taxes/Wedges at the Constrained Efficient Allocation
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This figure shows the paths of optimal taxes (wedges) along the transition to the new steady state at the solution to the social
planning problem.
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Figure 2: Factors of Production at the Constrained Efficient Allocation
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This figure shows the paths of factors of production along the transition to the new steady state at the solution to the social
planning problem.
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Figure 3: Skill Premium at the Constrained Efficient Allocation
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This figure shows the path of the skill premium ws/wu along the transition to the new steady state at the solution to the social
planning problem.
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Table 1: Benchmark Parameters
Parameter Symbol Value Source
Relative risk aversion σ 2
Inverse Frisch elasticity γ 1
Structure capital depreciation rate δs 0.056 GHK
Equipment capital depreciation rate δe 0.124 GHK
Share of structure capital in output α 0.117 KORV
Measure of elasticity of substitution between
equipment capital Ke and unskilled labor Lu η 0.401 KORV
Measure of elasticity of substitution between
equipment capital Ke and skilled labor Ls ρ -0.495 KORV
Tax on labor income τy 0.27 HSV
Overall tax on structure capital income τs 0.422 Gravelle (2011)
Overall tax on equipment capital income τe 0.371 Gravelle (2011)
Government consumption G/Y 0.16 NIPA
Relative supply of skilled workers pis/piu 0.778 U.S. Census
Share of skilled workers’ wealth ζ 0.686 U.S. Census
This table reports the benchmark parameters that are taken directly from the data or the literature. The acronyms GHK,
KORV, and HSV stand for Greenwood, Hercowitz, and Krusell (1997), Krusell, Ohanian, R´ıos-Rull, and Violante (2000), and
Heathcote, Storesletten, and Violante (2010), respectively. NIPA stands for the National Income and Product Accounts.
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Table 2: Benchmark Calibration Procedure
Parameter Symbol Value Target Data and SCE Source
Discount factor β 0.985 Capital-to-output ratio 2.9 NIPA and FAT
Disutility of labor φ 67.8 Labor supply 1/3
Production function
parameter ω 0.477 Labor share 2/3 NIPA
Production function
parameter ν 0.657 Skill premium wswu 1.8 HPV
This table reports our benchmark calibration procedure. The production function parameters ν and ω control the income share
of equipment capital, skilled and unskilled labor in output. The acronym HPV stands for Heathcote, Perri, and Violante (2010).
NIPA stands for the National Income and Product Accounts, and FAT stands for the Fixed Asset Tables.
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Table 3: Steady-State Comparison of Wedges
SCE SPP
Tax (wedge) on equipment capital τe 37.10% 39.54%
Tax (wedge) on structure capital τs 42.20% 0.00%
Tax (wedge) on unskilled labor τy(u) 27.00% 26.60%
Tax (wedge) on skilled labor τy(s) 27.00% -11.14%
This table compares the tax rates in the steady-state competitive equilibrium (column SCE) and wedges at the steady state of
the solution to the social planning problem (column SPP).
29
Table 4: Steady-State Comparison of Allocations
SCE SPP
Ke/Ks 1.02 0.93
Ls/Lu 0.82 1.11
ws/wu 1.80 1.47
This table compares allocations in the steady-state competitive equilibrium (column SCE) and at the steady state of the
solution to the social planning problem (column SPP). Ke/Ks denotes the equipment-to-structure capital ratio, Ls/Lu denotes
the skilled-to-unskilled labor ratio and ws/wu denotes the skill premium.
30
Table 5: Sensitivity Analysis
Benchmark Benchmark
σ 1 2 4 2 2 2
γ 1 1 1 0.5 1 2
Optimal taxes
τe 24.39% 39.54% 54.84% 49.23% 39.54% 22.88%
τs 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
τy(u) 18.77% 26.60% 33.75% 26.43% 26.60% 24.90%
τy(s) -5.29% -11.14% -21.23% -16.46% -11.14% -5.08%
Difference in welfare gains
Opt. DTC vs. current DTC 0.24% 0.19% 0.21% 0.20% 0.19% 0.22%
Opt. NDTC vs. current DTC 0.23% 0.14% 0.07% 0.10% 0.14% 0.21%
This table reports the results of the sensitivity analysis. In the first column, σ is intertemporal elasticity of substitution, γ is
the inverse Frisch elasticity of labor supply, τe is the equipment capital tax (wedge), τs is the structure capital tax (wedge),
τy(u) is the labor wedge of the unskilled agents, τy(s) is the labor wedge of the skilled agents. For all taxes (wedges), the table
reports their steady state values. Opt. DTC refers to optimal differential taxation of capital, i.e., a reform that reforms both
labor and capital taxes. Current DTC refers to current differential taxation of capital, i.e., a tax reform that reforms labor
taxes, but leaves capital taxes at their current values. Opt. NDTC refers to optimal nondifferential taxation of capital, i.e., a
reform in which the planner is free to adjust labor taxes, but must set the tax rate on equipment capital equal to the tax rate
on structure capital.
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